Abstract. In the current paper, we introduce Stancu type generalization of Baskakov-Kantorovich operators based on (p; q)-integers and estimate the moments. We show the convergence of the new operators via the weighted Korovkin theorem. Then we investigate direct results by using Peetre's Kfunctional and modulus of continuity. In addition, we give pointwise estimation by the help of functions belonging to Lipschitz class. Moreover, we demonstrate the Voronovskaya-type theorem for the newly constructed operators. In the last section, we represent some illustrative graphics to show the convergence of the constructed operators to the selected function by using MATLAB.
Introduction
Quantum calculus, namely the (q-calculus), has an extensive research area in approximation theory. Varied generalizations of some linear positive operators based on q-calculus and their approximation properties have been discussed widely for three decades. Furthermore, quantum calculus is extended to post-quantum calculus, which is denoted by (p; q)-calculus. The new parameter p provides ‡exibility to the approximation. (p; q)-calculus is used e¤ectively in many areas of mathematics, such as neural network, Lie group, …eld theory, hypergeometric series and di¤erential equations. Mursaleen et al. [15] initiated the research of (p; q)-calculus in approximation theory. Further, they de…ned (p; q)-analogue of Bernstein-Stancu operators in [16] . The application of (p; q)-calculus to well known operators magnetizes great attention of researchers. We can refer some of the recent papers as [1] , [2] , [6] , [8] , [10] , [11] , [14] , [18] and [19] . Let us brie ‡y mention some notations and de…nitions of (p; q)-calculus. For 0 < q < p 1 and nonnegative integer m, the (p; q)-integers of m are described by 
The relation between q-calculus and (p; The (p; q)-derivative of the function f : R ! R is given as (D p;q f ) = f (px) f (qx) (p q)x ; x 6 = 0; (D p;q f )(0) = f 0 (0):
The (p; q)-integral of the arbitrary function f is de…ned by Acar et al.
where a is a positive real number. More details about (p; q)-calculus can be read from [12] and [17] . In 2016, Aral and Gupta [4] introduced the (p; q)-analogue of Baskakov operators
where x 2 [0; 1), 0 < q < p 1 and
The moments of (p; q)-Baskakov operators are de…ned by B m;p;q (e 0 ; x) = 1; B m;p;q (e 1 ; x) = x; B m;p;q (e 2 ;
where e j (x) = x j ; j = 0; 1; 2: If we take p = 1, we obtain q-Baskakov operators [5] . The (p; q)-analogue of Baskakov-Kantorovich operators is given by Acar et al. [3] 
where x 2 [0; 1), 0 < q < p 1 and b p;q m;s (x) is as given by (4) . We present the moments of (p; q)-Baskakov-Kantorovich operators as follows: B m;p;q (e 0 ; x) = 1; B m;p;q (e 1 ; x) = px + qp
where e j (x) = x j ; j = 0; 1; 2: In the following section, we will give Stancu type generalization of the operators (6) for 0 , 0 < q < p 1 and each x 2 [0; 1). Then we will calculate the moments of the constructed operators. Further, we will present the convergence of the operators according to weighted Korovkin theorem. 
Construction of the Operator
Proof. (i) From the de…nition of the operators (7), we can obviously show the …rst moment (12) by using (9) 
(ii) We have the following equality for the second moment (13) by the help of (9) and (10).
As we use the moments of (p; q)-Baskakov operators given by (5), we get
(iii) Similarly, we will calculate the third moment K ; m;p;q (t 2 ; x) as follows:
[m]p;q + 2 dp;qt
[m] 
After that, we take into consideration the moments of (p; q)-Baskakov operators (5) and we obtain
Corollary 4. Central moments ; n (x) = K ; m;p;q ((t x) n ; x) for n = 1; 2 are given by
and
Proof. It can be seen evidently that the operators K ; m;p;q (f ; x) are linear and positive. We will use the linearity of the operators over again to show the equality of the …rst central moment 
where we brie ‡y denote 
as desired. 
Thus, the proof is completed as desired.
Direct Results
In this section, we will give an auxiliary lemma to prove the main results and then discuss the local approximation properties in terms of Peetre's K-functionals and modulus of continuities. Peetre's K-functionals are de…ned as follows:
The 
where > 0. By [7] , it is known that for M > 0
Before we mention the local approximation properties, we will give the following lemmas. Proof. By using the auxiliary operators K m;p;q , we have
It is apparent from Lemma 3 that K m;p;q (1; x) = 1;
So, we can say that the operators K m;p;q (f ; x) are linear. For a given function g 2 C 2 [0; 1], we write the Taylor expansion as follows:
If we apply K m;p;q operators to both sides of the equality (23), we obtain
Thus,
Using (21) and (22), we get 
Here, we rewrite (25) and (26) in the absolute value of (24). So, by the help of (19) we obtain
It completes the proof. Now, we will calculate the rate of convergence of our operators K ; m;p;q (f ; x) by means of Peetre's K-functionals. 
Proof. From the auxiliary operator (20), for every g 2 C 
Then we take the in…mum on the right-hand side. Finally, using the property of Peetre's K-functionals, we get Thus, the proof is completed.
We will estimate the rate of convergence of the operators K ; m;p;q (f ; x) by means of the modulus of continuity on the …nite interval. There exists a positive constant M f , which is independent of m and~ (m).
Proof. We have known that ! a+1 (:; ) satis…es the following inequality jf (t) f (x)j 4M f (1 + a 2 )(t x) 2 + 1 + jt xj ! a+1 (f; ); > 0: (30)
We apply K ; m;p;q operators to both sides of the last inequality. After that, by choosing = (1 + x) p~ (m), using (19) and applying Cauchy-Schwarz inequality, we obtain 
